In a four year study of bottlenose dolphins along the southern shore of the outer Moray Firth we show that whilst dolphins were encountered along the majority of the survey area, there was a significant preference to the western section, which is the area directly adjacent to the current Special Area of Conservation (SAC). We also show that 80% of all groups encountered (N ¼ 62) included calves, and that neonates were seen throughout the months of July, August, September and October. The mark -recapture abundance estimates for the southern outer Moray Firth were variable, with a highest annual estimate of 108 (95% CI ¼ 79 -129), which is similar to previous estimates for the number of animals using the entire Moray Firth. In contrast, the lowest annual estimate of 61 (95% CI ¼ 48-74) suggests that not all individuals regularly use the entire geographical range of the population and that individual ranging patterns may vary across years. The findings of this study indicate that the southern outer Moray Firth is an important area for this population and that it should not simply be considered as a corridor to other areas of more importance. For this reason, we believe that further consideration of the current management of this population in areas outside the existing SAC is necessary.
I N T R O D U C T I O N
The bottlenose dolphin (Tursiops truncatus, Montagu, 1821) is regularly sighted throughout the coastal waters of the British Isles (see Lockyer & Morris, 1986; Wilson et al., 1997; Wood, 1998; Bristow & Rees, 2001; Ingram & Rogan, 2002; Grellier & Wilson, 2003; Robinson et al., 2007) and it is arguably the best known and most studied of all the cetacean species found in Scotland's east coast waters. Furthermore, the population that inhabits the Moray Firth in north-east Scotland (57º40 0 N 3º30 0 W) is known to be one of only two well studied resident populations of this species in UK waters (Wilson et al., 1997) , the other being in Cardigan Bay, Wales Bristow & Rees, 2001) .
Currently, bottlenose dolphins are listed under Annex II of the European Union's Habitats Directive which requires the designation of a Special Area of Conservation (SAC) for their protection. In 1994 an area of the Moray Firth, commonly referred to as the 'inner Moray Firth' (Figure 1 ), was put forward as a candidate SAC (cSAC) (Hastie et al., 2003a) . It was not until 2005 that the cSAC was officially designated as a SAC. However, additional research conducted before this time had clearly shown that the home range of the population extends much further than originally thought (Wilson et al., 1999; Thompson et al., 2004; Wilson et al., 2004) .
At present, the majority of the research carried out on this population has been within the inner Moray Firth with fewer dedicated studies occurring in the southern outer Moray Firth by comparison. Nevertheless, bottlenose dolphins have been recorded in the southern outer Moray Firth previously (e.g. Wilson et al., 1999; Hastie et al., 2003a; Thompson et al., 2004; Wilson et al., 2004; Durban et al., 2005) , although fewer dolphins are thought to use this region than the inner Moray Firth (Hastie et al., 2003a) . However, given the lack of dedicated surveys in the southern outer Moray Firth we cannot determine whether dolphins use this area for prolonged periods or simply as a corridor between the inner Moray Firth and areas further south.
The primary aim of this study was to assess the abundance of bottlenose dolphins within our study area and their potential uses for the southern outer Moray Firth. We did this by assessing the distribution of dolphins, assessing the group composition of dolphins with a particular interest in calves and neonates, and finally by calculating the abundance of animals utilizing this area by applying mark -recapture abundance estimate techniques.
M A T E R I A L S A N D M E T H O D S

Data collection
Regular surveys were conducted in the southern outer Moray Firth using two Avon 5.4 m Searider Rigid Inflatable Boats (RIBs). Surveys took place between May and September in 2001 , and between May and October in 2002 . The survey route was approximately 80 km, and closely followed the coastline of the southern outer Moray Firth ( Figure 1 ). The majority of surveys began at Whitehills where both survey vessels were berthed.
All surveys were conducted at 12-15 km/h, in Beaufort Sea State 3 or less, and in good light conditions. Aboard were two experienced observers and up to four additional observers. The crew scanned from the front of the survey vessel to 908 left and right of the track line. If bottlenose dolphins were encountered during a survey, the boat was slowed and the position was recorded using a Global Positioning System (GPS). The dolphins were approached and photographs were taken of dorsal fins and other identifying marks. It was not considered necessary to photograph both sides of the dorsal fin. The camera used during this study was a 35 mm Nikon F5 auto focus camera with a F2.8 100-300 mm zoom lens, using Fuji 400 or 800 ASA colour print film. During an encounter the animals were counted and the group composition and the age-classes (adults, calves and neonates) of school members were estimated. Adults were defined by their large size and dark coloration, a calf was defined by its smaller size, lighter coloration, often discernible foetal folds, and usually swimming in close association with an adult, and a neonate was defined as a very small animal, very light in coloration, with very bold foetal folds, and a strong, close association with an adult (Shane, 1990) . At the end of the encounter the time and GPS position were recorded and the survey was ended.
Temporal and spatial distribution
The survey route was divided into 1 km longitudinal sections. The GPS position at the start of each encounter was then plotted within these 1 km sections. Subsequent time spent working with the dolphins during encounters was recorded as off-effort. The number of times each 1 km section was visited whilst on-effort was calculated, and the encounter rate (ER) within each section of the survey route was derived as follows:
Where n is the total number of encounters in section i and E is the number of times section i was visited on-effort. By calculating ER we eliminated effort-related bias from derived distribution patterns arising from uneven survey effort caused by time and weather restrictions. The distribution was analysed both temporally and spatially. For the temporal analysis we examined the total ER for the entire survey routes for each survey month for the compiled years of 2001 to 2004, and for each survey year. This was done using a Kruskal -Wallis test. For the spatial analysis we used the ER within each 1 km section and statistically compared the ER between the east and the west of the survey area using a Mann -Whitney U-test. All statistical analysis was carried out using Minitabw 14.
Photo-identification
Dolphin identifications were made using natural markings considered long-term or permanent (see Wilson et al., 1999 Wilson et al., , 2000 . We graded photographs according to their quality in order to minimize the number of errors associated with incorrect identifications (Wilson et al., 1999; Read et al., 2003) . Only photographs that were in focus, well lit, and relatively close and parallel to the subject were included in the analysis and all photographs not satisfying these requirements were discarded. To further reduce potential false positive and false negative errors (Gunnlaugsson & Sigurjonsson, 1990; Stevick et al., 2001 ) a dedicated computer program developed by Leiden University for the EuroPhlukes Initiative was used to assist in the photo-identification process.
Mark-recapture models
We assumed that the population would fit a closed model for our mark -recapture abundance estimates, as a discovery curve of newly sighted individuals appeared to reach an asymptote during 2004 ( Figure 2 ). However, it is important to note that because birth and death do occur in the natural environment the discovery curve will never become truly asymptotic. In addition long-term studies of this population indicate that there is no evidence of immigration or emigration (Parsons et al., 2002) or predation (Wilson, 1995) , and abundance estimates have remained similar for more than a decade (Wilson, 1995; Wilson et al., 1999; Durban et al., 2005) .
We used the program CAPTURE, which was run using the FORTRAN program MARK, version 4.1 (developed by the Department of Fisheries and Wildlife, Colorado State University (2004)) to calculate mark -recapture abundance estimates. We used the Chao Mth model, which is tolerant of heterogeneity in capture probabilities between sampling events and between individuals (Chao et al., 1992; Williams et al., 1993; Wilson et al., 1999) . Population closure in a natural environment can only be considered a reasonable assumption if the analyses are conducted over relatively short durations. Given that the weather conditions restricted surveys in the autumn and winter months the data sets were easily divided by year as follows: between May to September, inclusive, for and between May and October, inclusive for 2002 . Williams et al. (1993 used the proportion of photographs that were good enough to show a mark if one was present. However, in the present study, after Wilson et al. (1999) , the actual ratio of marked individuals was used to give an even more accurate estimate of the size of the population by further reducing the probability of heterogeneity between recaptures. In this study, the numbers of calves and neonates identified during each year were included in the estimates made for unmarked animals. 
R E S U L T S
Survey effort
Temporal and spatial distribution
Bottlenose dolphins were encountered during every year surveyed and in all months of the year. A significant difference in ER was found between years (Kruskal-Wallis-H ¼ 9.71, df ¼ 3, P ¼ 0.021), which is likely to have been caused by the higher annual encounter rates in 2001 ( Figure 3B ). The monthly analysis showed a varied ER over the survey months ( Figure 3A) ; however, these variations were not significant
Bottlenose dolphins were only encountered within the coastal region of the study area, and were never encountered in waters deeper than 25 m chart datum ( Figure 4B ). Encounters with bottlenose dolphins occurred along the majority of the southern outer Moray Firth coastline; however, there was a significant preference to the western section of the survey area (median ER east 0.007; median ER west 0.01) (Mann -Whitney U-test-W ¼ 1029.5, P ¼ 0.001), which is visually apparent when ER is plotted against on-effort data ( Figure 4A ). In addition, Figure 4A illustrates that there is no apparent relationship between ER and on-effort data, which highlights that the results are unlikely to be a product of any bias in the survey effort.
Group sizes and group composition
Group sizes ranged between 2 and 44, with only two solitary animals being encountered throughout the entire study. Eighty per cent of all groups included calves. Calves were recorded throughout all the survey months; however, neonates were only recorded in July, August, September and October (Table 1) .
Abundance estimates
The results from the abundance estimates are shown in Table 2A , and the corrections applied to the respective annual estimates are shown in Table 2B and Figure 5 . The abundance estimates varied between years, with the lowest estimate of 61+13 animals (coefficient of variation (CV) ¼ 0.21) in 2004 and the highest estimate of 108 +21 animals (CV ¼ 0.19) in 2003 (Table 2B) .
D I S C U S S I O N
Temporal and spatial distribution
Although bottlenose dolphins were encountered along the majority of the southern outer Moray Firth coastline, there was a significant preference for the west of the survey area, which is the area directly adjacent to the current SAC. In addition, it appears that Spey Bay, and in particular, the mouth of the River Spey may be an import area to these animals as these sections have a comparably higher ER than the majority of the other 1 km sections within the survey area ( Figure 4A ). There are two factors that make Spey Bay a unique habitat within the survey area. The first is that it is exceptionally shallower than the other areas ( Figure 4B ), which is a factor that has been related to reproductive success in Tursiops sp. in Shark Bay, Australia (Mann et al., 2000) . The reason for this is unknown; however, Mann et al. (2000) consider that their findings could be related to easier detection of predators which is not an issue for this population (Wilson, 1995) , but they also consider that shallower areas N, number of marked individuals; P, mean probability of recapture; Ň -hat, abundance estimate; SE, standard error; CV, coefficient of variation; CI, confidence interval. could have a higher prey density than deeper areas. The latter hypothesis could relate to this habitat, as the River Spey supports a major spawning population of Atlantic salmon (Salmo salar) (Harding-Hill, 1993) which is known to be a prey species of bottlenose dolphins in this area (Santos et al., 2001) . However, without a more fine-scale study in Spey Bay it is not possible to determine why this area appears to be important to this population. All encounters with bottlenose dolphins were at depths no greater than 25 m chart datum. The maximum depth showed an interesting contrast with the findings from studies in the inner Moray Firth, where bottlenose dolphins were found in their highest abundance at depths in excess of 50 m with a steep gradient (Hastie et al., 2003b (Hastie et al., , 2004 . This is likely to be a result of significant differences between the two environments: in the inner Moray Firth strong currents and tidal fronts have been documented to occur within deep constricted channels and it is thought that the dolphins use these to aid foraging (Mendes et al., 2002) . However, in other areas where these features do not occur or are not as prominent, as in the southern outer Moray Firth, bottlenose dolphins may use the coastline to aid foraging (e.g. Shane et al., 1986) .
Although the distribution of dolphins across survey months indicated no significant monthly variation in encounter rate the results do appear to complement previous findings in the inner Moray Firth (Wilson et al., 1997) , and in a 10 km section of the southern outer Moray Firth where sightings were higher in the summer months. Furthermore, along the eastern Aberdeenshire coastline, just south of the southern outer Moray Firth, encounters were highest between the months of February and May and then again in October (Stockin et al., 2006) . These combined patterns of movement between the neighbouring areas of the home range of this population further suggest that the majority of the population travel south during the winter period. However, given that sea conditions in the North Sea during these months are not suitable for surveys, the true yearround range of the population during these months remains unknown.
Group sizes and group composition
The percentage of groups encountered with calves in the southern outer Moray Firth between 2001 and 2004 was 80%, with neonate sightings occurring in July, August, September and October, which is a common finding in populations living in temperate waters (e.g. Wilson, 1995; Bristow & Rees, 2001) . The use of the Moray Firth by mothers and calves has been attributed to the warmer temperatures of the area during the summer months which are thought to play a key role during the summer calving season (Wilson, 1995; Wilson et al., 1997) . Therefore, the use of the southern outer Moray Firth by mothers and nursing calves should also be considered when planning conservation and management strategies. This is particularly important since the European Union's Habitats Directive is in place to protect against the 'deliberate disturbance' of cetaceans, 'particularly during the period of breeding, rearing, hibernation and migration'; and 'the deterioration and destruction of breeding sites or resting places' (Article 12, Paragraph 1 of the Council Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora of 21 May 1992 May , 2004 .
Abundance estimates
The mark -recapture estimates presented here have shown the highest abundance of bottlenose dolphins using the southern outer Moray Firth to be 108 (95% CI ¼ 87 -129) (Table 2B ). This estimate is lower than Wilson et al's (1999) calculation (N ¼ 129, 95% CI ¼ 110 -174) which included the inner Moray Firth as well as the southern outer Moray Firth. In recent studies individuals have been shown to be solely resident within defined sections of the Moray Firth and areas further south Durban et al., 2005) . Given the results of these studies, it is evident that some individuals from this population are showing a high level of site fidelity to specific areas, including sections of the southern outer Moray Firth (Durban et al., 2005) . Therefore, there are individuals that are unlikely to be within our survey area for any great length of time, if at all, which further explains the lower abundance estimate. Nevertheless, this study has shown that the southern outer Moray Firth is an important area for a large percentage of this population, with a substantial number of individuals using the southern outer Moray Firth during each of the survey years. However, the abundance estimates were seen to vary considerably from year to year, with the lowest estimate of 61 (95% CI ¼ 48 -74) in 2004. This annual change in abundance illustrates a variation in use of the home range by the population as a whole on a relatively short time scale.
Conservation and management implications
Knowing the distribution and ranging patterns of cetaceans is important for implementing effective boundaries for marine protected areas. This study demonstrates that bottlenose dolphins are found along the majority of the coastline of the southern outer Moray Firth and that this area is likely to represent an important part of their habitat rather than simply a corridor between other key areas. This raises the issue that the SAC is only protecting a small proportion of the individuals within the population at any one time, and it is therefore only protecting a small section of the habitat that is likely to be important to the population as a whole.
Given the previous lack of research in the southern outer Moray Firth and the relatively recent increase in the public interest in bottlenose dolphins in this area, it is hard to say whether the southern outer Moray Firth has increased in importance as a result of a recent range expansion from the inner Moray Firth . Nevertheless, as research on this population continues it becomes increasingly clear that the current boundaries of the newly appointed SAC are likely to be ineffective in protecting this population at more than a local scale. At present, more research needs to be carried out on identifying the seasonal changes in the geographical range of this population before effective boundaries can be reconsidered. It is also important that current research stretching from the inner Moray Firth to St Andrews Bay and beyond is continued in order to give us a detailed understanding as to how the members of this vulnerable population are using the waters of eastern Scotland year-round.
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